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© Conference system. 

© The present -nvent.on relates to a distributed ooject-Dased computer system m wmch'sharable objects are 
spilt .nto cent and server components (see F.gure iv Each client object contains a reference to the assoda ed 
Z Z Tl ' "'""^ "'^"'^ components to other users, these other users obtain access 

0 the .elevant server-ob.ect component. Th.s feature .s described .n the context of a distributed conferencing 
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The present invention relates to a distr-bo.eci computer system and relates particularly, but not 
exclusively, to a multimedia Oistr-Outed cbiect-based conference system 

The Object-based approach to system development -s becommg weil-estabi.shed. The basic idea is to 

, ^^ZZ oVf" °' ''""5 ^'^^ '^^'^ ^"-^ ""^'^OCS for operat.ng on 

!^!r« H J '"tercommunicate by means of messages. An advantage -n encapsulat.ng data and 
methods .n this way is that the resulting system .s relatively easy to maintain and develop. An example is 
f^ewwave Mail (produced and sold by Hew.ett-Packara. which .s an ob.ec.-based electronic man apphca- 
tiohs program in which messages and message components, such as te:<t. distribution lists, etc. are treated 

'0 An Object can be regarded as a discrete entity wh.ch can individually be moved, copied destroyed etc 
An obiect .s .n.t.a,ly some data stored on disc or other medium, if obiect management software w'snes to 
Pcss a message to -t. one or more processes will be m.t.a.eo which read the data as part of .n.tializat.on If 

obie'ct'"!;' '^'^ "° "'"^^"^^ "^^'^'^'^^ " - t^.^ ".na^X ' a 

ob,ect has one or more processes associated with ., and -s defined by the state of that process or 
5 processes and data then .t Is said to be "active". Process or 

A distributed obtect based system .s one m which several workstations are interconnected over a 
networ and messages between objects of the system can be sent over the network. Ob,ects themsele 
may also be transmissible over the network. A ner.orK ..ay compnse several .nterconr^eaedTe^Cn 
workstations or a central computer connected to several terminals ^workstations, or several ^nfercoTnected 
0 server machines w„h intelHgent workstations -.onnected to each server, or a mixture of these posj^b.n e^^^ 
The term "workstation" is intended to be applicable to an cf these possibilities POSSiD.nties. 

In a disinouted object based system there are benefits m splitting sharable semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared ob.ect For exarple 'n 
he context of a distributed conferencing system a whaeboard ob.ect would have a semantic par. S.na 
the state Of the object and a presentation par, for defining the appearance of the object to be disp^ay^toa 
user and for enabling the user to make input. Several users may have access to a presen^S p^rt for 
v.ew,og he whiteboard ob.ect so that they can each mane contributions in a manner sim lar o a groip o 
people clustered around a real whiteboard. a.mndr to a group of 

The workstations may be arranged -n a chent-server arrangement «.,h semantic object parts stored on 
server machines and presentation ob,ect parts stored on client machines. Alternative y. s^mant c ob,ec" 
parts may be d.stnbuted around user machines on a network of intelligent workstations 

, oo?"r7^ 'V""" '''"""'^ ^" ^"^^ d'Stributed computer system comprising 

a network o workstations and means for transmitting ot.ects between workstations character !ed by ob ects 
including a first object type for storing data and a second ob.ect type for presenting data to a use' whtem 
Objects Of the second type reference an associated ob.ect of the first type to enable a plurality o user if 
.he se- nd'.'ofr," ^'J^r^"'^' °' 'VPe. comprising means for transmm.ng'an ob " o 

he second lype between workstations thereby to create a -eference to the associated ob,ect of the f rs, 
, type lor each workstation receiving an ots.ect of the second type 

The present invention provides an effective way of enaoi,ng further users to have access to a «m;,r,fir 
obje^t^part. either for the purpose of autonomous working o^ for the purpose of part^c^Jng i^ 

type';e^weerw°o'k"tTtiVn?rtha??mt^^ "'T "^^"^ "^^'"^ ^" «""<^ 

mJnT ''''^r '^"'''7 '° P'«5«"""-e""0" '"ay be in the form of a conferencing system comprising 
means enabling users of the workstations to participate .n a meeting over the network wherein obT of 
the first type store meeting data and objects of the second type are for presenting meeting data The 

Tec o" T-:Z7lL7y °' ' "'^"•"^ "^'"^ '-^'^ ^ com^isinrSs^^g a 

obiect 0 the second type between workstations thereby to create a reference to the assonated ob.ec of 
the first type for each workstation receiving an ob.ect of the second type asso.iated objec. of 

It IS believed that poor communications are a major cause of the poor performance of distnbuted teams 
of people working on a given project. The present ,ovention advantageously provides an rSp^^^^^^^^^ 
conference system for facilitating distributed meetings. provides an improved 

A particular embodiment of the present invention w.il now- be described, by way of example with 
reference to the accompanying drawings m wh.ch ^ example. /»ith 

Figure 1 IS a diagram of a distributed system according to the present invention 
r.gure 2 shows the major components of a server and workstation of the system 
Figure 3 shows a voice and data network structure: 
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Figure -J shows video facilities for a client workstation. 
Figure 5 shows a video network structure; 
Figure 6 illustrates the mam objects m the system 

Figure 7 .liustraies the functionally split nature cf the oDjects tn the system. 
5 Figure 8 Shows the maior components of the system infrastructure: 
Figure 9 shows a typical Venue; 
Figure lO shows a Cof^edian directory: 

Figures n - 14 illustrate message sequences for system operations: 
Figures 15-27 show screens during a typical user session. 

The ma.n components of a multi-meoia distr:buted oDiect-basec conferencing system accordino to the 
invention will first be described. 

Referring to Figure 1. a multimedia distributed obiect-based conference systerTi according to the 
present .nvem.on .s indicated at tO. The system lO comprises servers S connecteo over a network 12 The 
network 12 may be a wide area network (WAN) or a local area network (IAN, or a metropolitan ' area 
.'5 network (MANi Client workstations C are connected to each of the servers S Each site requires a server S 
Servers S communicate with each other by opening v.rtual circuits between pairs of servers Although m 
pnnc.ple. client workstations C could communicate d.recMy w.th each other, this creates practical problems 
and therefore each client workstation C has only one virtual channel open to its local server S to enable 
c.'ieni workstations to communicate with each other via servers S. 
^c Refernng to Figure 2 each server S comprises; 

hardware 14. such as an HP9000 300 HP-UX computer (HP .s a trade mark of Hewlett Packard 
Company); 

operating system software 16. such as HP-UX software: 

Remofe Obiect Access Manager (ROAM) software 18 for managmg comrT,un.ca..ons w„h client 
2S workstations C connected to the server S anc other servers on the network: 
COf^ software 20 providing object management facilities: 

server ooiects 21 which are obiects to be sharec: between users and which correspond to the semantic 

Object parts mentioned in the introduction. 
Each client workstation C comprises: 
30 hardware 22. such as an IBf^-AT compatible PC; 

operating system software 24. such as DOS software. 

windowing software 26. such as MS Windows applications software- 

an Object management facility (OMF) 28. such as a Standard NewWave Of^F. (Newwave .s a trade 
nark of Hewiett-Packaro Company used for a family of applications software)- 

Objects software 30. such as NewWave ob,ects and specialised client objects 32 and a ROAIVI object 34 
for handling communication with objects on other computers. The ci.ent objects 32 correspond to the 
presentation object parts mentioned in the introduction. 

The user of a client workstation C therefore has a windowed user interface w.th.n which to manipulate 
Objects of the system and can cause objects to oe transmitted over the network 12 via the associated " 
0 server S. 

The system lO provides multimedia facht-es to use-s. For exampte. each chent workstation C may have 
voice and or video communication facilities as well as data communication facilities 

A possible voice and data network structure 40 -s shown m Figure 3. In each of two sites oesignated A 
and B. a networked PC server 42 is connected to the local PASX. The PC server 42 contains one or more 
multi-port telephone interlace cards (such as the VBXOOO card made by Natural Microsystems inc ) The 
PABX IS controlled by the PC server 42 and users can use the.r existing standard desk telephones 44 which 
are connected to the local PABX and conveniently located near their client workstations C 
^^Each of the sites A and B comprises a LAN and a LAN WAN bnage -nterconnecting the LAN with a 

In use. the PC server 42 receives commands from servers S to set up. maintain and close down 
telephone conference calls. To the PABX. the PC server 42 appears as a normal telephone user and can 
therefore dial ether users adding them m to conference calls usmg OTfy/lF 

in order to conduct conferences over a w.der area. PC servers 423 and 42b on respective sites A and B 
connect to each other over the public switched telephone network (PSTN) ana add in their own local users 
to the conference. 

flefernng ,o Figure 4 each client workstation C .vi.h .dec facilit.es has a video camera 46. two or more 
VHF TV receivers 48. a microphone 50. a preamplifier 5 1 and a VHF modulator 52 

Furthermore, the Client workstations C may be fitted w.-r, video cards to enable a user to v,ew v.aeo -n 
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Windows. 

A possible video network is shown in Figure 5. The video neiwork is based on a centra! video switch 54 
connected using a star topology to cheni works-aticns C. Video signals are modulated on to VHF earners 
and transmitted over standard analogue cabnng 56. The video switch 54 is a conventional cable television 
5 switch. Several such switches can be cascaced m a bar arrangement for large systems. 

For long distance video communications, a device 58 lor romcressmg and decompressing video 
signals (a "codec"* may be used and the signals are transmitted usmg ISDN telephone lines. 

The architecture of the obiecl-based system 10 will now be described. 

With reference to Figure 6. the structure of one user's portion of the system is reoresented. The 
0 functions of the obiects are as follows: 

a Venue object (V) is an electronic meeting place allowing control over media channels and providing a 
location for storing shared objects. A user may have several Venue obiects: 

a Phone Booth object fPBi controls the creation of Venue objects and oversees the setting up. 
maintenance ana closing down of conferences. The PB composes a processor for handling incoming and 
5 outgoing calls: 

a Connection Manager object fCM» controls driver components <0- ... D„) which handle media 
connections for the system lO: 

a Directory object (D) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function, eg. a 
whiteboard function. 

Figure 6 IS a conceptual representation of the system lO and the arrows represent inter -object 
communication. In the emoodiment bemg described, the system «:ompnses client workstations C and 
servers S ana most of the objects referred to m Figure 6 are functionally-spjit ,nto a server component and 
one or more client components as indicated in Figure 7 

The server objects handle the centralized and distnbunon - onented aspects whereas the client objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure 7. P8-S means a Phone Booth server object and PB-c means a Phone Booth client object, 
and so on. 

In this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAfVt objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally spni objects runs cn an HP-UX server and the user 
interface runs cn fvlS-DOS NewWave client workstations 

The client workstations are each running an object-based system of the type described m European 
Patent Application No.339220A. the descnptton of which is incorporated herein as Appendix A. Appendices 
A-0 mentioned m attached Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
^ objects can be copied. During a copy operation, the container of the oDject to be copied sends a message 
to the OfVlF28 asking the OMF28 to copy the reievant object and identifying the container object which is to 
receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it lo insert the copy oojeci as one of us child objects. 

Mailing an object involves senalising the object, transmitting it to its destination and deserialising it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the object and 
information about its properties and its child objects. 

Server objects are not linked by parent-child links m the manner m which client objects are so linked. 
All client objects contain a reference to their associated server object. Figure 3 shows the form of aata item 
60 used to name objects. The data item 60 is an eighi-Oyte array following the convention used for Internet 
Protocol (IP) addresses. The first 64 bits is a machine identifier M I 0 comprising a 32 bit server IP address 
ana a 32 bit machine IP address. For a server object the server IP address and the machine IP aadress vJill 
be the same whereas for a client object these will be different, if there -s only one domain per machine, the 
domain identifier D I.D is zero. The object identifier 0 I 0 comprises a 32 bit generation count and a 16 bit 
tag. The i6 bit tag umoueiy identifies the object wiihm the relevant storage domain. Since tags are reusable 
when an object is deleted a generation count is used to ensure that each object is uniquely-named m time. 
The generation count is simply the time in seconds. 

When a client object is closed (inactive) it appears as an icon on a user's screen. The user opens the 
object by clicking on the .con. Opening a client object causes it to sena a message to us associatea server 
object informing the server object that the client object is now active i.e a Here Am I message. Until then. 
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the server obiect is unaware of the existence ot the ci.ent obiect. m other words, l.nhs between client anc 
server obiects are non-oersistent and weak' i.e. the e.^istence ot a server object does net guarantee the 
existence of a corresponding client object and v.ce-versa. Server objects only store the identities oi 
corresponding client objects which are currefitly active. Opening a client object means that a user can view 
5 the state of the object and can make input to it. The client objeci regularly updates, and is updated by. the 
server Object. 

Figure 9 depicts the components involved m a typical active server object which is associated with 
client objects on two different client workstations C- and C. Eacn object is given a unique object identifier 
comprising components identifying the relevant client server machine, the relevant storage domain and a 
•0 number for tne particular object. On the cheni side, the system has an object management facility lOMF) 60 
lor keeping a record of what objects are presently on the particular cnent workstation and which is involved 
-n object creation and deletion, object naming, object activat.cn and deactivation and -nter-object message 
routing. This is a standard NewWave OMF. There .s a ci.ent object manager library (COIWILIB-C) 61 
statically i.nked to each client object CO providing access to the lunct.cnal.ty of a flOAtwt client object 62 In 
.•5 other wprds. the COfy/tLIB-C 61 has been added to standard NewWave objects to form the client objects for 
functionally split objects. Communication through the COi^LIB-C 6l .s network transparent, le. objects only 
need to know the object identifiers of other objects, not their locations. 

On the server side there is a primitive object management lacii.iy (COfvl-S) 63 prov.d.ng file manage- 
ment and object naming and message sending facilities .n conjunct.on with the operat.ng system software 
^0 64 A server Object manager library (COMLIB-S. 65 .s statically linked to each server object SO enabling 
access to the functionality of the object management fadity 63 and a ROAIwi server object 66. 

Whe.i Client object CO- wishes to send a message tc the corresponding server object SO the ROAf^ 
Client object 62 passes the message to the ROAM server object 66 which passes the message on to the 
server object SO fviessages from the server object SO to client objects are sent in the reverse manner If a 
5 message is to be sent between objects on the same server the COfvlLIB-S 65 sends .t directly without 
involving the ROAM server object 66. Messages are also sent between servers via the ROAM server object 
So and. in this way. communication between client wo.kstations connected to different server machines is 
possible. 

The functionality of certain objects m the system w.ii now be described. The term "click" will be used in 
0 this specification to denote a selection made by the user of a workstation using an input device such as a 
mouse. The term "drag" will denote moving the input device whilst such a selection is made so as to 
"drag" an item across the screen. 

The venue provides an electronic meeting room, inside of ^n.ch person-to-person calls, group 
meetings and presentations to large groups can Pe held. 

Venues prov.de a binding between the people involved m a meeting, the data which they are sharing 
and the media channels connecting them They are scalable from just two people up to many people, the 
e.xact number is subject to technical constraints. This allows a meeting to start off as a simple phone call 
between two people, bu.id up as e..perts are brought ,n. to become a full group discuss.on without hav.ng to 
aecide to move to a different object because the nature of ihe meeting has changed. 

The Venue -s a shared object and therefore exists on a server machine. The client workstations have 
Venue client objects which provide an interface to the Venue se.ver objects running on the corresponding 
server. There may be many Venue chent objects on different ci.ent workstations for a particular Venue 
server object. 

Figure iO shows the appearance of a Venue to a user. The Venue is being viewed in a window 70 
hav.ng a title bar 72 and a menu bar 74 At the top .s a participants' area 76 where the people m the Venue 
can be seen and where their media channels can be controlled. Beneath that is a shared area 78 where 
objects for use m the meeting are stored. 

The participants m a Venue are displayed side by side, with each participant being represented by a 
still bitmap 80. a name 82 accompanied by an indication of whether that user is present m the meeting or 
absent ano status banner 84 indicating that an absent user has been .nvited to the meeting, and a row of 
media ccntrol buttons 86. The bitmap 80 may be replaced by a motion video window when video m 
windows is available and the video channel :s m use. 

Beneath the participants" area are three media buttons 86 for telephone, video and data and each one 
can be m one of four states. The states are: 
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Button Appearance 


1 Meaning 


No button 

White, unhighhghted 
Black 

Red 


This person does not have this media channel available. 

The media channel is available, but not chosen for use. 

The media channel has been selected, but is inactive because the person 

IS not present in the Venue or the connection has not been completed yet. 

The media channel is oemg used. 



The lower portion of the Venue is taken up by the shared obiect area 78. This acts as a shared folder, 
storing objects on the server and making them accessible to all users of the Venue. Inactive objects are 
represented by an icon such as icon 36 m Figure 10. Objects m the shared object area 78 may be client 
objects e.g. Whiteboard client obiects. or may be standarc NewWave objects, it is possible to move objects 
into and out of the shared object area 78 of the Venue-ci.ent object, fviovmg a functionally-split object such 
as a Whiteboard object into the shared object aiea 78 ooes not email moving the Whueboard-server object 
but just the Whiteboard-client object. The 0MF2S instructs the Venue client object to insert the Whiteboard- 
client object as one of its children. The Whiteboard-ciieni object is then senalised by the Venue-client 
object ana sent to the Venue-server object. The Venue-server object updates its other active Venue-client 
object with the news that a new Whiteboard object is available m the Venue and these Venue-client objects 
display the Whiteboard-client object icon m their snared object areas 78 accordingly. The Whiteboard- 
server object remains on whatever server it was mmaiiy stored. Subsequent opening of the Whiteboard 
object by any of the users cf the Venue cause a copy of the Whiteboard-client object to be seiiahsed by 
the Venue-server and sent to the relevant chent-worksiation where it is deserialised providing access to the 
contents of the Wmteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-clieni. object remains on that machine for subsequent use. 

In contrast, if a NewWave object icon is moved mto the sharea object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the chent workstation to the server machine 
which stores the relevant Venue-server object. The Venue-server object then instructs its other active 
Venue-client objects to display the relevant NewWave object icon. Subsequent opening of tne Newwave 
Object by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
and sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflected m the copies held on the other users' machines. 
This fS a consequence of the non-lunctionaily split nature of NewWave objects and is an impiementational 
feature rather than one which is rmporiant to the present invention. 

There is one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
Client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On cpen.ng a Phone Booth client object the user is presented 
with a directory 90 of possible meeting participants as shown m Figure n . The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a m.edia selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out m the area 96. 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant apoears m the area 94 as shown. The media connections are selectable by 
Checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person in the area 94 ados that person to the !ist of Venue participants, in addition, the initials of the media 
options Chosen (Phone. Video, Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by ce-checkmg the box oeside the name of that person m the area 
94. Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will be implemented. The Convene option win pe described later. 

There IS also a Connection fwtanager object on each server machine providing the facility to interconnect 
users using different mecia. The Connection ivianager object handles the generic operations involved m 
establishing non-data interconnections. Dnvers for each medium available, eg. video, telephone, handle the 
specific operations involved «n carrying out switching requests ounng use. The Connection Manager object 
performs the following services: 

maintains a list of media resources available m the system: 

- detects when resources fail 

- monitors resource channel availability f;e. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using different neoia: 
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• point-lo-potnt 

- multi-point: all that are available 

maintains list of established connections and ensures synchronization with other networks, le. maintains 
a model oi the state of other nerArorks. 

optimces switching to prevent unnecessary disconnect -connect transactions: 
pro vices an interface lor monitoring ana auditing; 
provioes interface to media drivers. 

Another functionally split obiect which is provided m this system is the Whiteboard. A Whiteboard object 
provioes users w.th a shared computer whiteboard facility so that a user can draw, wr.-ie and type on his her 
Whiteboard or acquire an image from another source and the mout will be visible to other users viewing the 
same Whiteboard on different client workstations. Thus the Whiteboard obiect is an information sharing 
medium wmch allows users to look at a picture of what they are oiscussmg. 

Figure 12 snows an example ol the appearance of a Whiteboard client object. The Whiteboard is bemg 
viewed in a window lOO having a title bar \Q2 and a menu bar I04. A drawing area J 06 of the window lOO 
.s devoted to displaying the contents ol the Whiteboard, in this case a map showing the location of a 
Hewlett-Packard office. At the bottom of the window iQO ,s an area I08 indicating the range of tools wmch 
are available to the user of the Whiteboard. These tools comprise: 



a scroller 


MO 


a pointer 


112 


a selection of diMereni coloured pens 


114 


an eraser 


116 


a lext selector 


118 



Apart from the pointer 112. the tools are personal to a user le each of the users viewing the same 
Whiteboard could be using me same tool eg. a red pen. withcut having to wait until another ol the users had 
finished using that tool. 

The scroller 110 can be used to scroll the entire window lOQ around the Whiteboard. Selecting this tool 
turns the cursor into a compass enabling the view ol the Whiteboard to be click-dragged around bv the 
user. 33 7 

Only one user can move the pointer 1 12 at a time. A user takes control ol the pointer by clicking on the 
pointer logo - this turns the cursor into a pointer. At this time, the other users viewing the Whiteboard 
cannot see the pointer 1 12. To show the pointer 1 12. the user needs to cnck .t down at a chosen point m 
tne drawing area t06. The pointer 112 then becomes visible to all of the Whiteboard users at that chosen 
position. The cursor of the user who has just moved the pointer ii2 .everts to the default arrow 

Likewise the seven coloured pens are selectable and deseiectabie by clicking on the appropriate pen 
logo, enabling different users to make mput m different colours 

The eraser ii6 is selectable to remove marks on the Whiteboard Also, direct typing of te.<t onto the 
Wniteboard can be done by selecting the text selector 1 16. 

In the area 108 there is also room lor a status message i20 As users open or close the Whiteboard 
other users are notified by a status message. 

Modes of operation of a system according to the present invention will now be described, concentrating 
first on utilization of the Venue. 

Once a user selects participants and media as described with relerence to Figure 1 1 and selects the 
Convene option a process of events is initiated to create a new Venue object. Figure 13 shows the objects 
and the numbered sequence of messages. Figure 13 depicts a server machine S and two client 
workstations A and B connected to the server machine S. On each client workstation there .s initially a 
Phone Booth client object PB-c On the server machine S there -s initially a Phone Booth server object PB-s 
and a Connection Manager object CM. 

On selecting the Convene option using client workstation A. which causes an mput (dotted line 
referenced i) to the Phone Booth client object PB-c. a message (referenced 2) is sent from the Phone 
Booth Client object PB-c to the Phone Booth server object PB-s on the server machine S causing the Phone 
Booth server object to create a new Venue server object V-s us.ng a Venue Start message ireferenced 3) 
The Phone Booth server object PB-s then sends a Ring message ireferenced 4j to the Phone Booth client 
Object PB-c on client workstation 6 causing a dialogue box to appear on the screen of client workstation B 
inviting the user to lake pan m the proposed meeting That user accepts or .declines the invitation causing a 
corresponding message (referenced 5) to be sent from the Phone Booth cl-ent object PB-r' on client 
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workstation B to the Phone Booth server obiect PB-S- if the «nvitaiicn rs accepted a Create Venue message 
(referencea 6) «s sent from the Phone Booth server obiect PB-s to the Phone Booth client object PC-c 
which causes n to create a new Venue c'lent object V-: on client workstation B involving sending a Here Is 
Parent message (referenced 7) to the new Venue - client object V-c* to notify n of the identity of the Venue 
5 server object V-s. The new Venue client object V-c then sends a message (referenced 8) to the Venue 
server object V-s requesting information about the contents of the Venue. The reply from the Venue server 
obiect V-s IS referenced 9 in Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as also to create a new Venue-ciient object V^: on that -workstation and these messages are 
0 referenced 10-13 m Figure 13. 

Finally, the Venue server object V-s sends a request (leferenced 14» to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
media drivers accordingly (dotieo line referenced 15;. 

The users of client workstations A and B can then communicate using the newly created Venue. 
5 It IS also possible to convene an existing Venue by selecting the Convene option within the Venue. 
This initiates a sequence of events which will be described with reference to Figure 14. Agam. a server 
machine S and two client workstations A and B are represented. 

The user selection of the Convene option is referenced l m Figure 14. Th.s causes the Venue client 
object V-c to send a Convene Request message (referenced 2) to the Venue server object V-s which 
a notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 which 
Identifies the intended meeting participants. The Phone Booth server ooiect PB-s sends a Ring message 
(referenced 4) to the Phone Booth cHent objects PB-^: on the v-orkstaiions of the intended meeting 
participants causing a dialogue box to be displayed on these workstations inviting the users to partake in a 
meeting. When these users accept or decline the invitation th.s causes a reply message (referenced 5) to 
be sent from each Phone booth client object PB-c" to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced S) the Phone 
Booth client Objects PB-c* to create new Venue client objects V-c on machines where a Venue client object 
hnkea to the Venue server object V-s is not already stored. Such new Venue ciient objects V-c' then send a 
message (referenced 8) to the Venue server object V-s reauestmg information about the contents of the 
Venue so that the appropriate rcons can be displayed m the shared area 78 of Figure 10 on the respective 
client workstations. The reply message containing* information aooui the contents of the Venue from the 
Venue server object V-s is referenced 9 m Figure I3. 

The Venue server object V-s then sends a request .rererenced iQ) to the Connection Manager object 
CM to set up the chosen media connections and the Connection IVlanager object instructs the relevant 
media drivers (not shown) accordingly (dotted line referenced in. The distnbuted meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
^ (Figures 14-17 of Apoendix A). On opening the new Venue-cl.erit object a Venue-server object also needs to 
be created. F.gure 15 depicts the process. A server machine .£ .nd.cated by S and a client workstation by 



The act of opening the new Venue-ciie.nt obiect v-c causes .t to send a message (referenced l) to the 
Phone Booth client obiect P8-c which triggers a message (referenced 2) to be sent from the Phone Booth 
cheni obiect PB< to the Phone Booth server obiect PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object PB-s creates a new Venue server object V-s using a Venue Start 
message (referenced 3». Next the new Venue-server obiect v.s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing the ID of the Venue-server object. The new Venue 
client obiect V-c then sends a message (referenced 5, to the Venue server object V-s requesting 
information about the contents of the Venue and there .s a corresponding reply (referenced 6) from the 
Venue server obiect. 

It is possible to add new meeting participants to an active Venue by selecting an Add New iMember 
menu option. This causes a directory of potential participants to be displayed as shown m Figure 1 1 to 
enable the selection of one or more further participants and associated media connecUons. information on 
these choices is conveyed from the Venue client obiect to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 
change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to be sent 
rom the relevant Venue-client object to .ts Venue-server object .nform.ng the Venue-server obiect that the 
venue-clieni obiect is deactivating. The Venue-server obiect then messages the Connection iwianager object 
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10 disconnect the media connections for the Venue-':iient ooject which .s deactivating. The Venue-server 
obiect senos messages to all of its other Venue-client oDiecis informing them of the deactivation of the 
particular Venue-ciient obiecl so that these other Venue-ciiem ooiects alter their appearance to indicate that 
tne relevant meeting memtjer is now absent. 
5 Another way of setting up a distributed meeting is lor a user to copy an existing Venue-ciient object to 
the desired meeting participants. A Venue-ciient obiect is a relerence to a Venue-server object. Copying a 
Venue-client object to other workstations creates a reference to the relevant Venue-ser^/er object on those 
other workstations because m the copying process the Venue-client object's reference to its Venue-server 
ooject is preserved. 

'0 There are different ways in which a Venue-client ol:iect can be copied to other workstations. One way .s 
to include the Venue-client object m an electronic mail message. For this option, an electronic mail 
message -s created in the normal manner e.g. using Hewlett-Packard's NewWave iwiail and a Venue-client 
object IS included -n the message using a standard copy operation. When the or each addressee receives 
the message, they place the Venue-client in the.r collection ol objects m preparation for the forthcoming 
meeting. At the relevant time, the meeting participants open their Venue-client objects to commence the 
meeting. On opening the Venue-client objects, their 32 b.t machine IP address .s automatically updated and 
the Venue-chenl objects send a Here Am I message to the associated Venue-server object. 

Another option is for the user wishing to set up a distnbuted meeting to copy the relevant Venue-client 
object and to senaiise the copy of the Venue-ciieni object to a file on lioppy disc lor other shared medium 
10 such as a network drive). This lile may then be transported to the workstations of the intended meeting 
participants and desenal.sed thereby providing each of these participants /vith a copy of the Venue-client 
object and thereby means for accessing the associated Venue-server objects in order to take part in the 
distributed meeting. 

A new Whiteboard-client object can also be created using the "Create A New" option m NewWave 
^5 Office. On opening the Whiteboard-client object a new Wh.teboara server object needs to be created The 
process IS analogous to that described with reference to Figure 15 replacing references to Venue objects 
with references to Whiteboard objects. 

A ne'* Whiteboard object can also be created inside a Venue by selecting the "Create a New- option 
inside the Venue. In this case, the Venue-client object automatically activates the new Whiteboard-client 
Object in order to initiate creation of a new Whiteooard server object (again using a process analogous to 
that shown m Figure 15). 

In the same manner as a Venue-client ob,ect can be cop-ed and transmitted ,n an electronic mail 
message cr v,a floppy disc, a Whiteboard-cI.ent obiect can oe so ut.hsed. Again the advantage of creating a 
reference to the relevant Whiteboard server obiect for the recipients of the copied Whiteooard-client objects 
J5 .s obtained s.nce each copy of the Whiteboard-client obiect contains a reference to the Wh.ieooard server 
obiect (as described with reference to Figure 8). 

Also as previously described, a Whiteboard-client obiect can be moved into the shared items area of a 
Venue obiect by a user causing copies of the Whiteboard-client object to be made available to the other 
users of the Venue obiect thereby giving access to the associatec Whiteboard server obiect to these users ^ 
) An exemplary user session will now be descnbed with reference to Figures 16 to 33 involving 
hypothetical users Martin. Richi and Ed. 

Figure 16 shows a screen of a client workstation (fVlartin's) running Hewlett Packard NewWave Software 
A window 126 has: 

a title bar 128 carrying the title "^NewWave Office": 

a menu bar 130 offering the following options: 
Action. Edit. Objects. View. Settings. Task and Help: 

a system menu box 132; 

size boxes i34 and 136; 

a vertical scroll bar 138 with scroll arrows 140 and 142 and a scroll box 144; 
a honzonial scroll bar 146 with scroll arrows 143 and 150 and a scroll box 152; 

The window 126 displays icons for some standard tools at the top: Waste Basket 154 Agent 156 
Printer 160. In Tray 162. Out Tray 164. File Drawer 166. The -cons 168. 170 and 172 respectively on the left 
hand side represent work-related items: 

"Proiect Meeting a Venue-ciient obiect representing a reference to a Venue server object on the 
local server machine: 

"Design Notes" a Whiteboard-ciient obiect representing a reference io a Whiteboard server 

object on the local server machine: 
•'Design Principles" a NewWave document obiect fuHy contained on the client workstation. 
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to "open- an object, the user double cl.cks on me -eievant .con. Referring to Figure I7 Martin has 
ooened the Project Meeting Venue wh.ch .« shown .n a ^.noow 174. The w,naow 174 has a mPnu bar i'6 
which has similar options to the menu bar I30 of the wnoow 125 except a Meeting option instead of 'he 
Setting option. The window i74 -jispiays a participants area 178. showing only Martin, and a shared Hems 

5 area 180 which iS empty. Underneath a b.t map 182 v( Manm is a name bar 184 which includes a 
notification of presence and three media control buttons 185-7 for Phone. Video and Data respectively Only 
the Data button 187 is highlighted m this example, ie. blacked out in Figure 17. 

On selecting the Meeting option (rom the menu oar 176 of the window 174 a CoMedian direc'ory 
window 190 appears. Figure 18. The reference numerals (or the CoMedian directory wh.c.h were u^ed m 

.•0 F.gure n w.ii be retained here. Martin selects the name Richard Jennings from the list 92 o( potential 
participants causing a picture of fi.chard to appear m the area 94 together with crosses .n the video and 
..ata bo>es m tne area 96 to indicate Richard's media selections. This means that Richard will be contacted 

HL°k?l ' r'^"" f " ^^''^ '"^ '"'""^ '^^'"'""9 o-er video connections. Martin then 

ccks on the Convene button m the options area 98 to add Richard to the Venue which causes Richard's 

'Z'^l^ T ?A '"""^^ .n Figure 19. Richard is marked as absent at 

194 and a banner 196 .s displayed indicating that he has been mviied Martin has selected both video and 
data connections (or himself in order to match what was selected (or fl.chard. This causes the video and 

locally to Martin s Own workstation. Richard's video and data med-a buttons .86a and l87a are highlighted 
2C a second colour to inaicate that they have been requested but are not yet in use 

While waiting for Richard to join the Venue. Martin .s movir,q ,ne Design Notes and Design Principles 

l^'the arel 18a ' ° """'^ "° ^""'"^ °" «^'=^ ^-99-9" 

Moving now .0 Richard's workstation, shown .n Figure 20 the invitation ,0 join the Venue has reached 
.5 his machine and has caused a bell 200 .0 apoear at the bottom o( his screen. The bell 200 is (la hmg and 
making a ringing sound to attract his attention. Richard cHcks on the bell 200 and the result ,s shown in 

rZ'L . " ''""^^ ""^ '^'""9 «.cha,d that he has been invted to a 

meeting and g.v.ng the name of the meeting and the name o( the person who convened the meeting The 

.0 roTZ7r"V 202 comprises two options: Accept and Decline. Richard dicks on the Accept option 

30 to accept the invitation to lom the meeting. wMuwn 

'VnT'^^^ """""'"^ ""^ ' ^f^'^" automatically to be created 

a,.d a window 204 ,0 be opened (or Richard. The chosen media connections have been set up 0 that 

T.T.i'i^ZVr'' """"" ''^ •'"^"'^ ''''' '^^ '"^"^ 5»^^'ed items area 180 

are available to him. Figure 23 shows that Martin can see ,he same Venue having the same contents on his 
.5 workstation. Referring to Figure 24. during the meeting. Martin has opened a window 206 on the Design 

and .hen both Martin and Richard can scnbble on the whiteboard and v.ew each others input When tiei 
. meeting ,s dmshed both Martin and Richard close and save the Venue 

Figure 25 Shows the Venue object 163 saved m Richard's NewWave office. In Figure 26 Richard has 

lafthoTh. ^'"^"^ ' -"-^^^ 208. Martin is not p^en 

although he would be if. comcidently. he had his Venue open at the same time as Richard. In that situation 

the Mr"' Tp? automatically be set up,. Referring to Figure 27. Richard has selected 

the Meeting menu item using the cursor 210 so as to bring up the CoMedian directory 2i2 and he has 
selected Ed Davies m the manner previously described. Ed Daves does not have video capabZ mste^ 

b o?nn noTcn ' """^'^ '° ^ ^^^^ the Venue w ho^ 

beginning a Convene ooeraiion. 

Referring ,0 Figure 28. Richard is about to inifate a Convene operation by selecting the Action item 

216^ sL:^:^::''^ t "'^^'"^ •'^^ COr'rerponoTrlg men: 

, tlrt n L H u ."'^ " '° capabilities, the audio from h.s telephone would be mixed m.o the video 

meeting " '° ^"^^ their distnbuted 

Turning now to Figure 29. a new session is beginning on Richard Jenmng-s workstation A window 220 

carj" m1'. 'r ^''"'^ ""^'^^ °"'5°'"9 -essage represented by the -con 222 

. Appendix A, in Figure 30. on opening the outgoing message 222 ,s displayed m a window 224 Richard 
nas completed the distribution list 226 and written a covpr note 228 "'cnara 

the -c!r.r,'°N?-'' ' ^^'^^^ reoresenred by the ,con 230 is created (again using 

.he Creaie a New option,. The Venue-.:iient object 230 ,s copied and oraggea mto the window 224 
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displaying the message. This ■$ achieved by ciickmg on me icon 230 and pressing the control key whilst 
dragging the icon mio the message. (This is an alternative method from the user perspective to the copy 
procedure described with reference to Figures 13-20 of Apc-sndix A.» The bar 232 labelled "Part 3" m 
Figure 32 Shows that the message now contains a copy of !he Venue-ciient object. The message window 
5 224 IS then Closed (Figure 33). To send the message 222 it can be dragged onto the Out Tray icon 234. 
This causes a copy of the m.essage. including the Venue-client object wmch it contains, to be sent to the 
people on the distribution list. The Out Tray object 234 initiates the serialisation of the' message 
components to enable these to be transmitted over tne network. On receipt at the respective destinations, 
the In Tray oDiect represented by icon 236 desenaiises the message components so that these can be 
;o viewed and manipulated by the recipients. The recipients can drag the Venue-client obieci out of the 
message and into their mam NewWave Office wmoow (220) At the appointed time, the three participants 
open their Venue-ciient obiects to begin a distributed meeting. Ouimg the meeting, the users can open 
shared obiects e.g. a Whiteboard obiect. and mooify these interactively as well as interacting through their 
telephone and video interconnections. For e.<ample. mput made by each user to a Whiteooard-ciient object 
.5 IS relayed to the Whiteboard server-object which updates all of the other corresponding active Whiteboard- 
client objects of the changes. 

Although only Venue shared objects and Whiteboard shared objects are available to a user in this 
embodiment, it is envisaged that further possibilit.es for shared objects are a fax object a discourse 
siructurer object and tools to control the e.xte.nai .r^edia such as a virtual monitor manager and a video 
cassette recorder controller. 

It IS envisaged that a system according to the present invention may not entail the use of dedicated 
server machines but that server objects could run on user workstations given a suitable mter-oDject 
messaging infrastructure. 
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APPENDIX A 



Srier Description of the Drawings 
Figure 1 is a block diagram of a ccaputer in accordance 

with the preferred embcdiaient of the present invention. 

Figures 2 and 2A show block diagrams which illustrate 

the relationship between objects, applications and data 

files in accordance with the preferred etDbodiaent of the 

present invention. 

Figure 3 shows a plurality of objects linked in 
accordance with a preferred embodloent of the present 
invention . 
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Figure U sMcws ^ series of objects serving as folders, 
as parents of objects containing data, in accordance with a 
preferred estodiment of the present invention. 

Figure 5 illustrates the screen display which results 
from linking of various objects in accordance with a 
preferred embcdiient of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen display shown in Figure 5. 

Figure 7 shews how three objects aay be linked together 
in acroriance with a ;treTerre^ eabodixent of the present 
invention. 

Figure 8 and Figure 9 illustrate how an object may be 
copied in accordance '-ith a preferred embodiment of the 
present invention. 

Figure 10 and Figure 11 illustrate the copying of a 
public object in accordance to a preferred embodiment of the 
present invention. 

Figures 12 through Figure 71 show the appearance on a 
screen of a session in which a user nanipulatcs objects in 
accordance with a preferred embodiment of the present 
Invention. Also shown are block diagrams, of how objects 
appearing to the user are linked in accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 
Facility (OMF) in accordance with the preferred embodiment 
of the present invention. 
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Figure 73 shews a Mccic c2iagrac of the o rga ni la t i or. of 
HPOMr -CAT, a aystea file included ir the OMF shown in Figure 
72. 

Figure 7^ shows the relation between a glotsal parent 
an(i glotal objects in a c co rdanc e . wi t h the preferred 
eDbcdinent of the present invention. 

Fig 'J re 75 is a block diagraa which shows how systea 
files within the OMF shown in Figure 7 2 accesses data files 
and applications from a cecory shown in Figure 1. 

Figure 6 is a block diagraa of the organization of the 
mezo ry s h r w r. in Figure 75- 

Figure 77 and Figure 7S show objects and links in 
accordance with the preferred erbcdicent of the present 
invention. 

Figure 79 is a block diagram of the organization of 
HPOKF.XRF, a systec file included in the OKF shown in Figure 

72 . 

Figure 80 shows a view specification record in 
accordance with the preferred eabodlment of the present 
invention. 

Figure 8l shows the use of a snapshot in accordance 
with a preferred embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodloent of 
the present invention. 
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Figure 83 s^.ows the ^2t2 path of a view when there is 
snapshot, in accordance with a preferrei eitbodioent of the 



present invention. 



Description of the Preferred Ea bod i oen t 
Figure 1 shows a ccoputer 18 having a monitor 1 «i , a 
keyboard :9 and a aouse 20. A portion of computer main 
oeiory 17 is shewn by ar. arrow 9 to be within computer 18. 
Within co = puter oe = ory lain 1? is shewn an object jianageeen 
facility (GMDIO:, an applica'.ion '01, an appllcatior. 1C2, 
an application 103, an application lOU, an application 105 
and an application 106. 

Eich of applications 10: tc 106 store data using 
Objects. For instance, in Figure 2, application 101 Is 
shewn to have stored data using an object 202, an object 
203, an object 20^ and an object 205. Similarly, 
application 106 is shown to have stored data in an object 
207, an object 208, an objert 209 and an object 210. OMF 
100 stores information indicating which objects go with 
which application. Objects which are associated with a 
single application are considered to be objects of the saoe 
type, OP the same class. For instance, object 202, 203, 20li 
and 205 are of the same class because each Is associated 
with application 101. Similarly objects 207. 208, 209 and 
210 are of the same class because each is associated with 
application 106. All objects of the same class use the same 
application. When an application is being run by computer 
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13, OKF 100 inforos t^e application ytiO. object the 
application should access for. data. That object is then 
considerei to be active. An object is inactive when the 
application the object is as s oc 1 a te d ' wi t h is not being run 
by coQputer 18. or when the application the object is 

associated with is be^TH r-jn >».if <. w • 

se.ng run, aut xs not being run with the 

data of that object . 

Active objects can coorsuni cate with each other using 
asessages. For exaaple iT two instances of application 101 
are being run by co=?uter iS, one with the data of object 
202 ^r.i the other with the data of object 203. object 202 
and object 203 are both active. Therefore object 202 say 
send a =es3a£, 2ll tc object 203- S i xi la r 1 y . ' i f computer ^B 
is running application 101 with the data of object 202, and 
is running application 1C6 with the data of object 20^, 
Object 202 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

Each object has associated wlth'^a set of data files. 
For instance, object 210 I3 shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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in data files 221, 222 and 223 are in a format which can be 
interprete; by application 105. 

Each object has associated with it a list of 
properties. Each property has a name and a value which may 
be accessed by specifying the r.aae . In addition, each class 
of objects has associated with it a list of properties that 
are co==on to all objects of that class. Tor instance, in 
Figure 2A, object 205 and application 101 are shown. Object 
2C5 has associated with it a property 231, a property 232, 
and a property 233- Application 1C1 has associated with it 
a property 131, a property 132 and a property 133. 

Property lists can contain any nuober of properties. 
Each property value can be frca zero to 3,2762 bytes in 
length. Properties are used to store descriptive 
inforcation about objects and classes, such as naaes, 
coiaents and so on. 

Objects nay have references to other objects. These 
references are called links. Links are directional: one 
object is called the parent, the other the child. Each link 
has a reference name which is a number that la assigned by 
the parent object to identify each of its.chlldren. All of 
an object's children, its children's children, and ao on are 
collectively called that object's descendents. Similarly, 
an object's parents, its parents' parents, and so on, are 
collectively called that object's ancestors. In the 
preferred embodiment of the present invention, an object 
which may be manipulated by a user, can have zero or more 
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childrer. ar.i one or c?re parents. An object is not 
allowec: to teccae its o-n C es cendert . 

In Figjre 3 is shrwn an object 201, an object 302, an 
object 302, an object 30U, an object 305, an object 306, an 
object 307, an object 303 and an object 209. Objects 301- 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with re.'erer.ce naoe "1", to object 302 . Object 301 has a 
link 3-. 1, with reference race "2", to object 303. Object 
302 has a link 312, with reference nace "7", to object 30U. 
Object 302 has a link 313, with reference name "8", to 
object 305. Object 303 has a link 31^, with reference naae 
"1", to object 306. Object 303 has a li-k 3 15, with 
reference na = e " U " , to object 307. Object 30tt has a link 
316, with reference nace to object 308. Object 305 has 

a link 317, with reference name "7", to object 308. Object 
306 has a link 318, with reference nase "8", to object 309. 
Object 307 has a link 319, with reference name "9", to 
object 306. Object 307 has a link 320, with reference name 
"13", to object 309. Object 308 has a link 321, with 
reference name "1-, to object 309- Object 308 has a link 
322, with reference name "3", to object 303. 

Object 30^ is a parent of 302 and 303. Object 303 is a 
child of object 301 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309. Object 309 has for 
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ancestD.-s all cf objects 30l.?0.3. O&Ject 30 3 has for 
ancestcrs objects 302, 30^ 305 ant 309. Ani so on. 

Active objects can dynaoicaUy sake and delete links to 
other otjects. When a link to an object is deleted, OMF 100 
Checks if t^-.e otiect has any other parents. If not. OMF 100 
destroys the object by deleting the data files of the object 
and reclaisirg other storage space associated with the 
object . 

Ctje-t lir.Vs may te usei for various purposes. For 
exarple, folders may be in the Tors of objects. The 
children of cbjec-.s used as fclders nay be objects 
containing data for use with various applications, or the 
Objects may f- other folders. Figure U shews an example 

of the use of objects as folders. An object kO^ (also 
called fclder iiOM, a r. object U02 (also called folder UQ2), 
an Object : 3 (also called folder ::03) and an object UQU 
(also called folder iiQU) are used as folders. Folder aoi 
contains an object ^.05, used to contain data, an object U06, 
used to contain data, an object U07, used to contain data, 
and folder U02. Folder contains an object U08, used to 

contain data, folder U03 and folder UOU. ^Folder <»G3 
contains an object «09, used to contain data, and an object 
tiO, used to contain data. Folder UC^J contains an object 
'^n. used to contain data, an object i»l2, used to contain 
data and an object «13, used to contain data. 

A Bore sophisticated use of links is to construct 
compound objects. For instance in Figure 5, a document 510 
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contains lines of text S'l, lir.es cf text =12, a graphics 
figure 51?, a graphics figure 5^^ a spreadsheet data 515, 
As shrvr. in Figure 6, text and foraatting data is stored in 
an object 611, graphics data for graphics figure 513 is 
stored in an object 6i2, graphics data for graphics figure 
51** is stored in an object 6l3 and spreadsheet data 515 is 
stored in object 6 1 ii . Lin'ics that are used to build coopound 
objects always have so=e Wind of data transfer associated 
with t^e link and hence are called data links. In Figure 6 
is shown a data link 615, a data link 6l6 and a data link 
617. In dcrusent 510, data fron object 6l2, object 613 and 
object 6iii are cerely displayed, therefore data link 6lU, 
data link 615 and data link 6i6 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 701, which contains data for a 
first spreadsheet, Is linked through data link 7 0U to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
spreadsheet uses data from the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than merely display data from the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links. 

OHT 100 does the "bookkeeping" when objects are copied 
or mailed. When an object is copied, OMF lOO makes copies 
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of data files associated with the eSJect. If the object 
beir.s c-piec has children, C-M" i O.C also makes copies of the 
object's descendents, and builds links between the new 
objects to give the new coepcund object the saae structure 
as the crigi nal . 

For instance. Figure 8 shows object 308, froB Figure 3, 
and the descendents of object 303. When OHF makes a copy of 
object 309. CMF copies each of object 308's descendents and 
the linr.s s^.owr. in Figure 3. Figure 9 shews a copy of 
object 305. Object 305a is a copy of object 309. Object 
3C3a is a copy of object 303- Object 3C6a is a copy of 
object 3C6. Object 307a is a copy of object 307. Ooject 
3C9c is a ccpy of object 309- Link 221a is a copy of link 
321. Link 322a is a copy of link 322. Link 3 lla is a copy 
of link 31^. Link 315a is a copy of link 315. Link 3l8a is 
a copy of link S'S. Link 319a is a copy of link 319- Link 
32Ca is a ccpy of link 320. 

In the preferred embodiment, the default behavior 
results in the copy of a parent's children when the parent 
Is copied. However, when a child is designated as "public- 
it is not copied. Rather, a copy of the parent includes a 
link to the child. For instance, in Figure 10, a parent 
object 161 is to be copied. Parent object I6l is linked to 
a child object 162 through a link 163. Child object 162 is 
a public object. As shown in Figure 11, copying of parent 
object 161 results in new object l6ia being linked to object 
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162 tf.rcjgr. a new link 1 653. Object I6ia ia a copy of 
object 16 1. Link I6 5a is a ccpy of link 163. 

In Figure 12 thrcugh Figure 7:, it is shown how objects 
are displayed to a user or. ncniior '.U. in Figure 12 a 
"NewWave Office- desktop is shown to include Icons labelled 
as ".-le Drawer", "Waste Basket-, "Diagnostic-, -Printers", 
-Star- and "My Folder". A user (not shown) has manipulated 
a cursor 73i, usirg keyboard 19 or eouse 20, to select "My 
Fc Id er " . 

Figure 13 sf.cws how the objects displayed on tronitcr 1U 
are linked. tJewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 711. cf -Waste Basket" (shewn as an object 702) through 
a link 712, of " Di a gn os t i = " ( s ho wn as an object 703) through 
a link 713, of "Printers- (shown as an object 70U) through a 
link 71:^, of -My Folder" (shewn as an object 705) through a 
link 715 and of -Star" (shown as an object 706) through a 
link 716. 

In Figure 1U, the user, using cursor 78l, has selected 
-Create a New..." m a pull down eenu 782. As a result of 
this selection a dialog box 779 appears as shown in Figure 
15. Using cursor 78l, the user has highlighted the icon 
-Layout- and using keyboard 19 has typed In the name -Paste 
Up- as a name for a new object to be created. Cursor 78l 
now points to a region labelled -0K-. Once this region Is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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In Figj.-e 17, -Paste U?" is shewn as an object 707 
linkei as a chi-d of NewWave Cffice through a link 717. 

The basic cliptcard operations are Cut, Copy, ar.S 
Paste. T.'-.e user cust select the data that is to be ooved or 
copied, and then give either the Cut comaand or the Copy 
ccaaar.d. Cut moves the selected data to the clipboard 
(deleting it f reo its original location). Copy oakes a copy 
of the selected data on the clipboard.' The user oust then 
select tne location where he wants the data to be moved or 
copied to, and give the Paste cosmand. This cojcsand copies 
the ccntents of tr.e clipboard to the selected location. 

In Figure iS a user is shown to have selected "Paste 
Up". The selection is represented by the icon for "Paste 
Up" fceing displayed using inverse video. With cursor 781, 
the user selects "Copy" from a pull down menu 783. In 
Figure ISA a Clipboard object 720 is shown to be a parent of 
an object 708 through a link 721. Object 708, is a copy of 
object 707 ("Paste Up"). 

As shown in Figure 19, next the user selects "Paste" 
free pull down men^783. The result, shown In Figure 20, la 
the addition of an object 708, pointed to^ by cursor 781, 
which is a copy of the original "Paste Up" object 707. 

In Figure 21, the new object is shown as object 708 
linked as a child of NewWave Office through a link 718. 

In Figure 22, "My Folder", has been opened by double 
clicking the icon for "My Folder" using cursor 781. The 
result is a new window 785 representing "My Folder". 
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Ir. Fieure 2], using cursor 73 1 , "Paste Up" (object. 7CS 
is shswr. being dragged to winiow 7£5 . t^, Figure 2'J , the 
process is cooplete and "Paste Up" (object 708) is new in 
window "Ky Folder". In Figure 25, "Paste Up", shown as 
object 708 , is now a child o.- "My Folder" through link 728 . 

The user sets up oultiple links by using the Share 
coBBard. This ccacand is an extension of the clipboard 
metaphor con<ron in software packages today for coving and 
copying data around the systea. The clipboard is a special 
buffer that the .yste= uses to hold data that is in transit. 

Ir. one way, the Share coaiand operates siiilarly to the 
Cut or Copy coiaand described atcve. That is. using Share, 
Cut, or Ccpy, the user selects scne data first and then 
gives the Share command, which results in soaething being 
put on the clipboard. In the case of the Share cooaand, 
however, what is put on the clipboard is neither the actual 
data nor a copy ef the actual data. Instead, it is a link 
to the selected data. When this link Is pasted, a permanent 
connection is oade between the original data and the 
location of the Paste. Through use of OMF 100, this link la 
used by the involved applications to provide easy access to 
the original data (in Its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707) being In inverse video. 
Using cursor 78i, "Share" froo aenu 783 is selected. In 
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Figure >gi,, Clipboard ctjecc 720 is shrwr. to be a parent of 
a3te 'Jp" object 707 through a link 722. 



In Figure 27, wi-dcw 785 has been activated. Frcn a 
mer.u 7 8 7 , "Paste" is selected. The result, shown in Figure 
28, is an icon 707a appearing in window 785, which indicates 
that "Paste Up" (object 707) is shared by window 735 and the 
NewWave Office window. in Figure 2Bk, as a result of the 
paste, "Paste Up" is now show.-, to be both a child of 
Cli?bC2-i -2: tr.rcueh link 722 ani a child of "My Folder" 
705 througJ-: a link 727 . In Figure 29, showing just the 
interconnection of objects visible to' the user, "Paste Up" 
(object 7C7) is s.hown tc be a child of "My Folder" 705 
through, link 72-. Since "Paste Up" (object 707 ) is shared, 
not copied, "Paste Up" (object 707) reoains a child of 
NewWave Office through link 7 17. 

One key feature of data links is automated data 
transfer. When a child object is open and the user changes 
a part of it which is "shared out", then it makes a call to 
O.MF 100. OMF 100 checks if any of the object's parents 
-care- about this particular change. If they care and if 
they are also open, OMF 100 sends to the parents a message 
informing them that new data is available. The parent can 
then send messages to the child to produce or display the 
data. This feature allows the user to establish compound 
objects with complex data dependencies, and then have 
changes made to any sub-part be automatically reflected in 
other parts. For example, changing a number in a 
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spreadsneet co-j1- cause a graph to be re-drawn, and updated 
as a figure in a docu = ent. And since ar. c&ject can have 
cany parents, a single object can fee used as -boiler plate- 
Tor any.nuaber of other objects. A change In the boiler 
plate Will te reflected in all the objects which have links 
to it. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, window 785 for "My Folder" has been 
closed. !n Figure l\ cursor 761 is used to select "Create 
a New..." froc puil do-r. cenj 7S2. As a result of this 
selection dialog box 779 appears as s-cwn in Figure 32. 
Using cursor 73l. the icon HPText has been highlighted and 
using keyboard IQ the nar.e "Sanple Text" has been typed in 
as the na=e for a new object to be created. Cursor 78l now 
points t= a region labelled "GK". Once this region is 
selected, a new object titled "Sazple Text" is created, as 
is. shown i n Figure 3 3. 

In Figure 3", "Sasple Text" (object 709) is shown to be 
a child of NewWave Office through a link 719. In Figure 3M, 
since "My Folder- has been closed, "Paste Up- (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not e u r ren t 1 y vi si b 1 e to a user. 

In Figure 35, placing cursor 78l on the icon -Saeple 
Text- and double clicking a button on mouse 20 results in 
-Saaple Text- being opened. In Figure 36, an open window 
789 for "Sample Text" is s.'iown. 
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In Figure 3? a vinicw 791 for "Paste U?" (cbject 707 ) 
has teen c^er.ei by double clicking on the icon for "Paste 
Up". In Figure 33, using Curscr 7Si, controlled by mouse 
20, a portion 79C of the tex: of "Sample Text" has been 
selected. The portion in inverse video stating "New Wave 
Office environaent" is portion 790. 

In Figure 39, cursor 781 is used to select the 
selection "£hcre" in a pull down menu 792. In Figure ^0, 
an area 793 in window 791 is selected using cursor 78i. In 
Figure a selection "Paste" is selected from a pull down 

aenu 7ou jsing cursor 7£ 1 . In Figure "Sample Text" is 

linked to "Paste Up" (object 707) and displayed text 790 is 
displayed in "Paste Up" window 7?i. In Figure ^2 "Sample 
Tex:" (object 7C9) is shown to be a child of "Paste Up" 
(object 707} through a link 72?. In Figure t 2 , displayed 
text 79c is shown in gray because "Star" window 789 Is open. 
In Figure u , "Star" window 739 is closed so displayed text 
790 is clearly displayed. 

In Figure U5, a region 795 of window 791 is selected 
using cursor 78l. Figure ^6 shows cursor 781 dragging the 
icon "Star" into region 795 of window 791. 

In Figure U7, data from "Star" (object 706) ia now 
displayed in region 795 of window 791. As may be seen in 
Figure US, "Star" (object 706) is now a child of "Paste Up" 
(object 707) through a link 726. 

In Figure U9, a user has placed cursor 781 over region 
795 of window 791 and double clicked a button on oouse 20. 
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TJ-.e result is the cp-ring^nd ciisplay of "Star" (object 706 ) 
in a wir.dow 7?6. Figcre s-ws the use of cursor 7Sl to 
select selection "Ellipse" in a oer.u window 797 which 
results in the data within -Star" (object 706) being changed 
froo a star to an ellipse. As shown in Figure 51, the 
result is a change both in data displayed in window 796 and 
data displayed in region 795 of wi.-dow 791. 

In Figure 52, cursor 73l is used to define a region 797 
in win-w 79-. Ir. Fig. re 53, cursor 75 ^ is used to select a 
selection "Create a New..." i r. pull dcwr menu 799. As a 
result of this selection dialog box 799 appears in Figure 
51. Dialog box 799 contains icons for the two classes of 
objects available which are able to displaydata in region 
7 97 of window 791. Usir.g cursor 78^ the icon "KP Shape- 
has been highlighted. Using kevbcard 19 the naae "New 
Shape" has been typed in as the name for a new object to be 
created. Cursor T8I now points to a regions labelled "OK". 
Once this region is selected, a new object titled "New 
Shape" is created. Data for "New Shape" is displayed in 
region 797 of window 791 as is shown In Figure 55. m 
Figure 56, -Mew Shape-, (object 750) is shown to be a child 
of -Paste Up- (object 707) through a link 760. 

In Figure 57 a window 800 for -New Shape- was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on mouse 20. Ir Figure 58, 
cursor 78 1 is used to select the selection "Triangle- from a 
pull down tienu 801. The result, as shown m Figure 59, la 
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tr.at a triangle Is now displayed both in window 60C and in 
region 797 of window 9 i . 

In Figure 60, window 800 has been closed. In Figure 
61. "New Shape" is selected by placing cursor 78 i over 
region 797 of window 796, and clicking a button on mouse 20 
In Figure 62. cursor 7Sl is used to select selection "Share 
froo pull down tenu 79^. In Figure 63, cursor 78l is used 
to select a region 802 of window 79^. In Figure 6^ cursor 
751 is used to select selection "Paste" froc pull down »enu 
79i^. The result, as shown in Figure 65. i, t.,e .K.aring of 
"New Shape" wi,n da.,a free "New Shape" being displayed in 
region 797 and in region 802 of window 791. In Figure 66. 

"New Shaoe" (object 750) is <t^r-un ^ ,^ u 

ject ,^..) IS s.cwn to have an additional link 

770. fro= its parent "Paste Up" (object 707). 

In Figure 67. region 797 has been selected using cursor 
781. Cursor 78l is then used to select selection "Cut- fro= 
pull down «er.u 79t. The result, as seen in Figure 68, is 
that region 73l has been removed from window 791. In Figure 
69. cursor 78i is used to select selection -Paste" fro« pull 
down »enu 783- The result, shown in Figure 70, is an icon 
for -New Shape", pointed to by cursor 78l.. i„ Figure 71, 
"Kew Shape (object 750) ia shown to now be a child of 
NewWave Office (object 100), through a link 780. 

In Figure 72, OMF 100 is shown to contain seven system 
files: system file 601, system file 602. system file 603. 
system file 60^ system file 605. system file 606 and system 
file 607. OMF interface 599 serves as interface of OHF to 
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Other prcgraas running on cocputer IS. System files 601-607 
serve as a data base that provides various i n f c rroa t i on . 
They provide inforeation about otject properties such as 
What class each object is what is the name of each object. 
Systec files 601-60? provide inforaation about classes of 
objects such as what application is associated with each 
class of objects, what icon represents objects of a 
particular class and lists of what messages (such as those 
shsvr. in Figure 2) can be processed by objects of a 
particular class. Systea files 601-607 also contain 
information about links between parent and child objects 
including a list of parents and reference names of each link 
frcm a parent for each object; a list of children and 
reference nates of each link to a child for each object; and 
additional information to manage data exchange across data 
links. Additionally, system files 601-607 contain general 
Information such as what files are installed in the 
perating system for each class that is installed, and what 
bjects have requested automatic restart when the OMF 100 is 
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restarted. 
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In the preferred embodiment of the ppesent Invention 
system file 601 is referred to as HPOMF.CAT, system file 602 
is referred to as HPOMF.CLS, system file 603 Is referred to 
as HPOMF.XRF, system file eou is referred to as HPOMF.PRP, 
system file 605 is referred to as HPOMF.INS, system file 606 
is referred to as HPO.MF.SDF and system file 607 is referred 
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to as KPCMr ICO.NWE. A descriptior. of each systea file is 
now given. 

System file 60l. HPOMF.CAT, is also referred to aa 
SYSCAT. KPOKf .CAT is a catalog of all t.'ie existing objects 
in the systett. In Figure 73. HPC.M.-.CAT is shewn to be 
record orient-c!. KPOM.-.CAT has a plurality of file records 
In Figure 73, file record 0 through fii- record 8 are shown 
although HPOf-F.CAT nay contain ccany more file records than 
are shown in Figure 73. File record 0 is a header which 
ccntcir.s various signatures ar.i is used to manage a list of 
free file records. A signature is some known value which if 
present indicates that the file is net corrupted. File 
record i through file record 8 and additional file records 
(not shown) either define an existing object, or are free. 
In the preferred e=b«diient HPOKF.CAT can grow dynamically, 
as (tore file records are needed, but cannot shrink. 

File record 1 defines a special object called the 
global parent. The global parent has a form different than 
every other object, and may be regarded as a "paeudo" 
Object. Figure 7tt showa the global parent to be the parent 
of global object 250 through link 260, global object 251 
through link 261, global object 252 through link 262, global 
object 253 through link 263. global object 25" through link 
26i4 and global object 255 through link 265 , as ahown. 
Global objecta 250-255 are also within HPOMF.CAT. Each 
global object 250-255 aay be a parent of one or more objecta 
in HPOMF.CAT. Each object In HPOMF.CAT which la not a 
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glcbal object, is a descenient of global object. Although 
Figure 1^ shows only six global objects, the nuober of 
global objects operating on a systea is a natter of system 
conf i gurat i or. , Any object in the systea can refer to a 
global object by^^b^^using the reference name of the link to 
that global object from the global parent. 

As may be seen from Figure 73, file records in 
HPOMF.CAT are numbered consecutively. These numbers serve 
as tags, which identify each object. 

In the preferrei erb^dinient of the present invention, 
each record is 128 bytes ir. length. The fields for file 
record 0 are listed in Table 1 below: 

Table i 

1 F i rs t F re eEnt r y Contains the record number of 

the first free record in 
HPOKF.CAT, or "0" if there are 
no f re e reco rds . 

Fileld Contains the null terminated 

string "KPOMF. CAT". This serves 
as a signature. 

Version Contains the file format version 

number, which also serves as a 
signat ure . 

IMaxRecordNumber Contains the number of the 

highest record^ ever allocated 
from within HPOMF.CAT (this 
highest record may or may not be 
f ree) . 

Table 2, below, contains the fields for file records in 
HPOMF.CAT for file records other than file record 0: 
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IFirstrreeEr. trv 



TypelnClass 



SysCat Flags 



properties 



fa 3 t pro pa 



Table 2 

Is if this record 6^TiT.^^ 

an object, otherwise this record 
is free and this field is the 
record number of the next free 
record, or "0" if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
ceaningful . 

Specifies the class of this 
object. This is the number of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 

Specifies if the object is 
global if the bit masked by the 
ru.iber 20 (hexadecimal) is set 
in this byte. In the preferred 
ecbodiment all other bit 
positions must contain "0" and 
are not used. 

Specifies the number of 
properties, the length of the 
property names and the location 
in HPCMF.PR? of the object's 
properties. See the description 
of HPCMF.PRP below for further 
definition of the structure of 
•this field. 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in^the properties 
file. Properties stored in this 
field are called "fast 
prope r ti es • " 



System file 602, HPOMF.CLS is also referred to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The first 
record, numbered 0, is a header which contains various 
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signatures (see abcve) ani is usei to manage a list of free 
records. All ether records eit.^.er ceTine an installed class 
or are free. In the preferred esbodicent HPOMF.CLS can grov 
dyriamical ly , but cannot shrink. 

Each file record in HPOMF.CLS is thirty. two bytes in 
length. HPOMF.CLS file record 0 (the header) contains the 
following fields listed in Table 3: 

Table 3 

IFi rst.-reeEnt ry Contains the record number of 

20 the first free record in 

HPCMr.CLS, or "C" if there are 
no free reco rd s . 

Contains t.'-.e'null terminated 
25 string "HPOMF . CLS " 

Version Contains the file format version 

nua be r , 
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IMaxPecordNucber Contains the nutrber of the 

highest record ever allocated 
froo within HPOMF.CLS (this 
highest record may or may not be 
free) • 



Table below, contains the fields for file records in 
HPOMF.CLS for file records other than file record 0: 
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Table U 



KoduleFileNaae 



properties 



IFiratFreeEntry is if this record defines 

an Installed class, otherwise 
this record is free and this 
field is the record nuober of 
the next free record, or "0" if 
there are no more free records. 
If the record is free, none of 
the other fields in the record 
is meaningful . 

Specifies the nane of the 
application associated with 
objects of this class as a null- 
terminated string. 

Specifies the number of 
properties, the length of the 
property names and the location 
in HPOMF.PBP of the object's 
properties. See the description 
of HPOMF.PRP below for further 
definition of the structure of 
this field. 

In Figure 75, the relationship of HPOMF.CAT and 
HPOMF.CLS is shown. Within each object entry within 
HPOMF.CAT, the record number, which Is an object's tag, 
serves as an Identifier 650 of data files In a mass storage 
memory 170 associated with the object. The field 
-TypelnClass" serves as an Identifier 651 of the class entry 
in HPOMF.CLS, which Identifies the class of each object. 
Within each class entry in HPOMF.CLS, the. field 
"ModuleFlleNaxe" serves as an identifier 652 of the 
application file In mass storage memory 170 which is 
associated with the class. 

In Figure 76, the organization of a portion of mass 
storage memory 170 is shown. A root directory £60 contains 
pol.-.ters to an HPNWDATA directory 66 1 and HPNWPRCC directory 
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665. HFSWPSOC directory 666 is the location of storage for 
applications files, represented by arrows 659. HPNWDATA 
contains a plurality of HPCKrddd directories, represented by 
directories 662, 663. 66U. 665 and 666. m the HPOMFddd 
directories are stored data files associated with objects. 
The -ddd" in HPOMFddd stands for a three digit, leading 
zeros, hexadeclnal number. Each HPOMFddd directory has a 
different "ddd" hexadecimal number. The -ddd- number 
indicates wMch HPOM-ddd directory stores data files for a 
particular object. Data files for a particular object are 
stored in the HPOMFddd directory which has a "ddd- number 
equal to the tag for the object divided by an integer 
number, e.g.. fifty four. Within each HPOMFddd directory, 
files are stored by tag nu=bers. e.g. data file names have 
the format x x xx x x x x . 1 1 1 , where -xxxxxxxx- is an eight digit 
leading zeros hexadecimal tag, and -111- are a reference 
chosen by the application. 

System file 603, HPOMF.XRF Is also referred to as 
SYSXREF. This file Is a list of all the links existing in 
the system. It is record oriented, but does not have a 
header record. Each record file is either free, or defines 
an existing link, or 1, used as an overflow record fro. the 
previous record to specify additional view specification 
information. Records that contain view specifications are 
called View specification file records. View specification 
file records can be identified only by a previous record 
Which defines an existing data link; view s pe ci .'"i cat i on file 
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records cannot be identified by the content within a view 
apecl ricaticn file record. HPOMF.XRF is increased In 5Lze 
l6fC bytes at a time. A newly allocated portion of HPOMF.XRF 
is filled with zeros. File records within HPOMF.XRF which 
are free or which define a link have the following fields 
listed in Table 5: 

Table 5 



ParentTag Contains the tag (HPOMF.CAT 

record number) of the parent 
20 object of this link. If this 

field is 0, then this record 
does not define a link and is 
f re e . 



C-il^*ag Contains the tag of the child 

object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 
30 HPOMF.XRF defines a link. 

^^^^^^^ Contains the reference name that 

the parent has assigned to the 
link. This field is meaningless 
J5 if ParentTag or ChildTag is 

zero. Otherwise, if the top 
three bits of this value are 
MO, the next record in the file 
is a view specification. 

-0 

File records within HPOMF.XRF which are view 
specification file records have the following fields listed 



J5 



in Table 5A 
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Table 5A 



Datald 



Contains the value that the 

child has assigned to identify 

the part of itself that is be' 

Viewed through the link. 



Sna pshot 



Contains the tag (HPOMF.CAT 
record number) of the object 



-Mch is the views snapshot, 
if zero, the view has no 
snapshot. For further 
discussion of snapshots, see 
below. 



Misc 



Composed of several 
described below: 



bit fields 



VS_NEWDATASET 



VS_NEWDATAANNOUNCED 



VS_SNAPSHOTOLD 



VS_WANTMESSACES 



Set If child has told 0M«- 
that new data is available 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
indicates which bits are 
used for this bit field. 

Set if child has told OMF 
to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number Hooo 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 
that the view's snapshot is 
out-of-date. The 
hexadecimal number 2000 
0000 i3 ^ Bask which 
indicates which bits are 
used for this bit field. 

Set if child has told OM^ 
that it wants to process 
View messages when snapshot 
is out-of-date. The 
hexadecimal number IQOO 
0000 is a mask which 
indicates whic- bits are 
used for this bit field. 



/ 
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VS_TEXTDISKLOC 



VS_INITrALIZED 



20 



25 



VS_RtStRVED 



JO 



J5 



VS_VIEWCLASS 



40 



File position in HPOMF.PRP 
Where a view's 32 character 
textual data ID Is located. 
This contains rero if no 
textual data ID has been 
defined by the child. The 
low order five bits of the 
file position are always 
zero and are thus not 
stored In the Mlsc field. 
The hexadecimal nunber OFFF 
FFEO is a aask which 
indicates which bits are 
used for this bit field. 



all 



The 



Set if the view 
specification has been 
Initialized. if clear, 
infornation in the view 
specification is zero, 
hexadeciaal nuober 0000 
0010 is a mask which 
indicates which bits are 
used for this bit field. 



Reserved for future 
expansion. The hexadecima"' 
number 0000 0008 is a mask 
which indicates which bits 
are used for this bit 
field . 

Sped fies the view class 
the child assigned to the 
view. The view class 
defines what view methods 
are available to the 
parent. The hexadecimal 
number 0000 0007 is a mask 
which Indicates which bits 
are used for this bit 
field . 



■50 



S£ 



For example, in Figure 77. Object 671 is a folder and 
^>as a tag of -6V Object 671 is a parent of an object 672 
through a link 67U and a parent of an object 673 through a 
link 675 . Object 672 has a tag Of -12". Link 67*. as a 
reference name -1-. Object 673 has a tag of "19". Link 



/ 
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675 ras a reference na=e -7". Reference name, are picked by 
the parent object and need to be unique for the particular 
parent object; however, other parent, „ay have a UnW with 
the same reference name provided each reference name l3 
unique for each parent. 

Figure 79 ahowa a block diagram of HPOMF.XRF 603. 
HPOMF.XRF contains an entry for each link between parents 
and Children. m HPOMF.XPF 603 column 73 1 contains the tag 
Of the parent for each link. Column 732 contains the tag of 
the Child for each link. Column 733 contains the reference 
name for each link. The first three bit positions of column 
733. Shown in Figure 79 as sub-column 73U. indicate whether 
a View specification file record is present (-1,0") whether 
no View specification file record follows ("000-) or whether 
the link is between is a link from the global parent to a 
global object ( " i 00" ) . 

As may be seen, entry 735 is an entry which describes 

link 6714 shown in Figure 77 Tha^ <- i 

rigure ii. That is, In column 73 1 of 

entry 735 there Is the parent tag -6-. i„ column 732 there 
13 the child tag -12- and In column 733 there Is the 
reference name since object 671 Is a folder, there is 

no View, therefore the three bits within subcolu.n 73«. would 



be "000". 



Si.U.r.y. .„try 736 I, an ,ntry which d.,crlb., 1,„k 
675 .how„ Flsur. 77. That 1=, l„ col„=„ 73. of ,„try 736 
th.r. I, the parent tag "6-. m colu.n 732 th.r. la th. 
= Mld tag .,0.. an. In colu.n 73 3 the.. 1, t„, re.'.rence naa,e 
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"7". Since object 671 1, a folder, there la no view, 
therefore the three bits within aubcoluan l^n would be 
•OCO" . 

In Figure 78, Object 676 is a docuaent and has a tag of 
"W". Object 676 is a parent of an object 677 through a 
link 679 and a parent of an object 678 through a link 680. 
Object 677 has a tag of -8". Link 679 as a reference name 
-1". Object 678 has a tag of -2i-. Link 680 has a 
reference name "3". 

Ir. Figure 79, an entry 737 describes link 679 shown in 
Figure 78. That Is, m column 73 1 of entry 737 there is the 
parent tag "17". In column 732 there is the child tag -8- 
and in ccluan 733 there Is the reference name "1". Object 
676 is a document, and assuming there is a view associated 
with link 679. the three bits within subcolumn l^U contain 
the three bits " l 10" and entry 733 is a view specification 
r eco rd . 

Similarly, an entry 739 describes link 680 shown in 
Figure 78. That is. in column 73 1 of entry 739 there Is the 
parent tag -17". m column 732 there is the child tag "21- 
and in column 733 there ia the reference name -3". Assuming 
there is a view associated with link 680.. the three bits 
within subcolumn 731 contain the three bits -no-- and entry 
7H0 Is a view specification record. 

In Figure 80, view specification record 710 is shown to 
include a field 71.1 which contains a data identification for 
the View, a field 7^2 which indicates whether there is a 
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snapshot used in the view, and a fuid 7ii3 which cental 
Blscellaneojs Infopsatlon about the view. The data 
identification nucber is used by the child object of the 
link, to deteriine what data is sent through the link. 

Figures 37 - 1.3 shew the es ta bl i sh. ent of . link with 
a View. AS has been discussed before, in Figure 37 window 
791 for -Paste Up" (object 707) has been opened by double 
Clicking on the icon for "Paste Uf.-. m Figure 38, using 
Cursor 78l, controlled by .ouse 20, portion 790 of the text 
cf -Sample Text" has been selected. The portion in inverse 
Video stating "New Wave Office environment" is portion 790. 

In Figure 39, cursor 78i is used to select the 
selection "Share" in a pull down menu 792. Once "Share" is 
selected, chili object 709 ("Sa.ple Text") creates a data 
Identification number whl c h 1 d ent 1 f i es portion 790 of the 
text to Child Object 709. Child object 709 also causes OMF 
100 to put a link to child object 709 on clipboard 720- 
Child object 709 communicates to OMF 100 through command set 
forth m Appendix E. attached hereto-. Child object 709 
also informs OMF 100 what data identification number is 
associated with the new link between the child 709 and 
Clipboard 720. If there is a snapshot aspociated with the 
link, Child 709 Will also Inform OHF 100 if there l, a 
snapshot associated with the link. Snapshots are discussed 
-.ore fully below. As a result OMF 100 will make an entry In 
HPOMF.XRF 603 for a link between clipboard 720 and child 
object 709. The view specification record for the link will 
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include t^-.e data i d ent i f 1 cat i cn number given to OMF 100 by 
child 709. 

In Figure UQ. area 793 In window 791 la selected using 
cursor 78 1. In Figure in, a selection -Paste- is selected 
from a pull down oenu 79'< using cursor 781. At this point 
parent object 707 ("Paste Up") requests OMF 100 for a link 
making hla the parent of what is on clipboard 720. The view 
specification record for the'^between clipboard 720 and child 
709 is copied for link 729 between parent 707 and child 709. 
In Figure i< 3 -Sample Text- (object 709) is shown to be a 
Child of -Paste Up- (object 707) through link 729. 

In Figure H2, "displayed text 790 is displayed in 
-Paste Up- Window 791. In accomplishing this, parent object 
707 Bakes a call to OMF 100 asking that a message be sent to 
the object identified by the reference name for link 729. 
This message requests the child object 709 to display data 
from this link into a location specified by parent object 
707. OMF 100 takes the message from parent 707, adds the 
data identification number from the view specification 
record for link 729, and delivers the message to child 709. 
Child 709 displays the data in the specified location, in 
this case area 793. The name of the messjige sent from 
parent 707 to OMF 100 to child 709 Is " DIS P L Ar_ VIE W- , 
further described in Appendix B. attached hereto. 

Another message " P R INT_S L AV E " , also desc.-lbed In 
Appendix B, may be used when It Is desired to print data on 
a printer rather than display data on a terminal screen. 



/ 
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In ad-itlon, Parent 707 eay aend a -CE7.SI2E- aesaage 
to Child Object 709. In a "CST.SIZE" .e,„ge. parent object 
707 Identifies a reference nace for lin< 729 and Indicate, 
coordinates for a display. QKr TOO takes the CET.SIZE 
-easage from parent 707. add, the data i d ent i f i caU on nu.ber 
from the view a pe cl f i ca t i on record for link 729, and 
deliver, the „e„age to child 709. Child 709 return, to 
parent 707 the ,ize of the portion of the ,pecified area 
that Child 709 would u,e to display the data. Thi, allow, 
parent 707 to .odify the region reserved for displaying data 
rro« Child 709 When child 709 is not able to scale the data 
to fit in the region specified by parent 707. 

When\^data from a child object is being displayed by a 
parent object, and the child object changes the displayed 
data, the child objects notifies OHF 100 that there has been 
a Change in the data object. For example, as described 
above, in Figure U7 , ,ata from -Star" (object 706) now 
displayed in region 795 of window 791. And. as may be seen 
in Figure US. -star- (object 706) is a child of -Paste Up- 
(object 707) through a li„k 726. Since data is being passed 
from Child Object 706 to parent object 707. link 726 i, . 
data link which include, a view specification. 

In Figure «.9. the method for changing data in child 
Object 706 i, 3hown. , u,er place, cur,or 78l over region 
795 Of Window 791 and double click, a button on mou,e 20. 
The re,ult i, t.e opening and display of -Star- (object 706) 
in a Window 796. u,ing cursor 781 to select selection 



EP 0 497 022 A1 



/ 



"Elllpae- m a menu wir.dow 797 re.ulta in the data vithln 
-Star- (Object 706 ? being car.ge. fro, a 3tar to an ellipse 
A3 3howr. m Figure 51. the result I3 a change both In data 
displayed m window 796 an. data displayed i„ region 795 of 

window 791.. 

Child object 706 accoopllshea this change by .aklng a 
can to OMF 100 stating that data associated with the data 
identification number associated with link 726 la changed. 
OMF 100 looks up all of the U.nWs that use the data 
Identification number. if the parent object of any of the 
links is not active, OMF 100 sets t h.e bit 

VS.NEWDATAANNOUNCED for that link in HPOMF.XRF. When the 
parent object is activated, the parent object can then 
request the new data . 

If the parent object is active, OMF 100 win send a 
oe^sage to the parent object saying that new data is 
available. OHF 100 win i,e„tify to the parent object the 
reference name of the link for which there Is additional 
data. The parent object sends a message to the child object - 
ir it wants the new data displayed. m the present case 
parent object 707 Is active , and has requested the new data 
to be displayed m region 795 of window 75 1 . A further 
description of the View Specifications are found l.n 
Appendixes B, C and D. 

The advantage of the present Invention is that parent 
Object 707 is able to communicate with child object 706 
through OMF 100. without parent object 707 or child object 



BP 0 497 022 A1 



/ 

/ 



706 wncwmg the Identity or any other details about each 
other. The parent object identifies the link using only the 
reference na,e of the link. The child object Identifies the 
link using Just the data identification nu.ber of the link. 
OMF ,00 does all the translation and identification of which 
links and which objects are involved. 

Syste. file 60U, HPOMF.PRP. i, also referred to as 
SYSPaOP. HPOMF.PRP contain, all the object and class 
properties except for the fast object properties which are 
contained in HPOMF.CAT. Each record in syste. file 60, 
(HPOKF.CAT) ane syste. file 6C2 (HPOMF.CLS) has a properties 
rield. as described above. Each properties field contains 
the fields described in Table 6 below: 



Table 6 



Dl rDi skLoc 



Contains the position (byte 
offset) within HPOMF.PRP of the 
property list directory. 

"^"■"P' Contains the nu.ber of 

properties in the property list. 
This is the nu.ber of entries in 
the directory entry array 
described below. 



PoolSl ze 



Contains the combined length of 
•11 the naaea of the properties 
in the property list, Including 
a null-ter.in^tlng byte for each 
naae. This is the size of the 
directory naoe pool described 
be low. 



For each object and for each class, at the DlrDiskLoc 
position in the HPOMF.PRP rile is the property directory for 
that Object or that class. The directory has two .ajor 
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pcrtiora: the entry array, followed by the name pool. The 
entry array has one entry for each property in the property 
list. Each entry has fields set out in Table 7 below: 

Table 7 



ValueLen 



Specifies the length in bytes of 
the associated property. This 
can be zero. 



ValueDiskLoc Contains the position within 

HPOMF.PRP of the value of the 
associated property. if 
ValueLen is zero, this is also 
iero, and there is no value 
stored anywhere. 



CacheOf f se! 



This field Is only used at run 
tlce and is not meaningful in 
the file. 



Immediately following the entry array is the na-e pool. 
This portion of HPOHr.PRP contains the nul 1- t er. i na t ed names 
Of properties in the property list, in the same order as the 
entry array. Properties »ay include such things as titles, 
user comxents. date and time of creation, the user who 
created the object, etc. For more information on 
properties, see Appendix D. 

HPOMF.PRP grows dynamically as need. At the beginning 
Of HPOMF.PRP there is a ,28 byte bitmap which controls the 
allocation of the first ,02« pages of HPOMF.PRP. Each page 
13 32 bytes in length. These pages immediately follow the 
bit map. The bitmap is an array of words with the most 
significant bit of each word used first. Thus, bits 15 
through 0 of the first word of the bitmap control the 
allocation of pages 0 through 15 of the file, respectively. 
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When storage in the first 102« pages is 1 na uf f i cl e r.t . 
second bitmap is added to the .'lie following page 1023. 
This blt«ap controls the allocatlcr. of pages 102« through 
201.7, Which it.ediately follow the second bitmap. 
Additional bitmaps and pages are added in the same way, as 



needed 



Each directory and property value is stored as a singl 
bloc, in the file. I.e.. as a contiguous run of pages that 
are all allocated in the sa.e bitmap. This causes the 
restriction that no directory or value can exceed 32K bytes 
(10214 tlees 32) in length. 

Systex file 605. HPOHF.INS. Is also referred to as 
SrSINSTL. HPO.r.IVS contains a li^t of the file, ..at were 
copied to the system when each class was Installed. This 
information is used so that these files can be deleted when 
the class is de-installed. 

The very beginning of HPOKF.INS Is a double word value 
which serves as a va 1 1 di t y/ ve r s 1 on identifier. In the 
preferred embodiment the value of this double word must be 

0101ABCD hex to be valid Tn t^ki- a 

vaiia. In Table 8, this number is stored 

as Shown because of the protocols for storage In the 
particular processor used by the preferre.d embodiment, i.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the double word comes a series of variable 
length records. There Is one record for each Installed 
Class. The first word of each record is the length of the 
rest or the record, in bytes. This is followed by the null. 
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th. fil. „a.„ or t^.. fil„ „pl., ..o t^. OHF .l.„..ori.,. 

.ac^ t,r.i„,t,. , „,u 5,t.. and pr.c... . 

«iv» l,„gt. Of th. ni, ^^^^ 

and the null teralr.ator. If th. ri^ 

If the file naoe begins with the 

special character "ti» »i, ni. 

. the file la aaauned to be located in 

the HPNWPROC directory ir th- r*y 

eccory. if the file naoe begins with the 

special character th« r^^m 

the file is assumed to be located in 

the HPNWDATA directory . 

r»r ,„.p:., ^ ^ l„,t,Ued= =1.„ 

m.tall.d: -2- to HPNWPfloC .Jlr.ctory 668 ,„<■ th, 
HPKWD.I, directory. Clas, -CDE- cau„d , to ». 

ln,tau,d, ,0 „p„„„o, director, 668. 0lv,„ thl, 

ca,. T,M. 8 .,10- ,how. th. content, of HPOMP.l^s for thi. 



example: 



Table 8 

OC So -^"^er/version check 

Length of AB record ( 12 

-A-'tr.L 

Length of length byte "tZ" * 
A . Null 

; o'? °° * ""11 . 

Length of length byte ♦ "♦TY" 

'■•'•S"' or CDE r,cora (10 
.3 .5 00 .cV^^VV„,, 

Length of length byte ^ "•XXX'' 
'9 2A 53 58 53 00 ".XXX" ♦ Null 
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SyateiD File 606, KPO.-F.SOF is also referred to as the 
"Shutdown file-. HPCHF.SDF exists only when the systea has 
been cleanly shut down. It is deleted as the systee starts, 
and created as it shuts down. On startup, if this file Is 
missing, OHT assumes that the last session ended abnormally, 
and so it goes through its crash recovery procedures to 
validate and repair the system files as best it can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
interven-.icr. . Certain other kinds of file consistency 
errors are detected, but are not really possible from an 
"ordinary" system crash. These error, are in general not 
correctable and the OMF will not allow the system to come up 
in this case. 

If KPOKF.SDF is present, it contains a list of objects. 
When the systeo is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the systea is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
word is non-zero, OHF will execute its cr»sh recovery code 
even though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
sequence cf three byte records. The first two bytes of each 
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record contain the tag of the object to be restored. The 
least significant byte is first. The third byte is not used 
in the pre.'erred embodiment, and is zero. 

For example, if the system is shut down cleanly in the 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the contents of 
HPOMF.SDF will be as set out in Table 9 below. 

Table 9 

offset content comments 

° °° °° Indicates no crash recovery 

needed 

I 00 -^^"^ obUct to restart 



Unused and reserved 
Tag of second objec 
Unused and reserved 



7 ^' second object to restart 



System file 7. HP OMF I CO . KWE . is a Microsoft Windows 
dynamic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a program sold by 
Microsoft Corporation, having a business address at I6011 NE 
36th Way. Redmond, Wa 98073-9717. HPCMFICO.NWE also 
contains as "resources" the icons of each installed class. 
OMF modifies HPOMFICO.NWE directly during run time, and 
loads and unloads it to get the icon resources fro. It, The 
format of HPOMFICO.MWE is defined in Microsoft Window, 
documentation distributed by Microsoft Co'rporati on . 

Normally working with a view (see discussion on views 
above) causes a child's application to be invoked. Where 
large applications are Involved, this can cause a lot of 
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unnecessary overhead. The use of 3na^,3hot3 allow this 
overhead to be clleinated. 

A snapshot is an object that uses executable code froa 
a separate library referred to as a dyna-lc access library 
(or DAL) rather than using the full application executable 
code. The only data file associated with a snapshot 
contains data which Is to be sent from a child object to . 
parent object. The code which encapsulates the data file 
although referred to as a dynamic library, la ^till stored 
in directory HPOMFPROC (directory 668). 

?or example, Figure 8l shows a parent object 501 linked 
to a Child Object 502 through a link 50U. Associated with 
linw 50. is a snapshot 503. Once child object has designated 
snapshot 503 in a view specification record for link SOU, 
snapshot 503 is able to provide data from child object 502 
to parent 501 without the necessity of invoking an 
application associated with child object 502. 

AS Shown in Figure 82, when there is no snapshot, child 
Object 502 must be active in order to send view data 522 to 
parent object 501, m order for parent object 501 to display 
View data 522 in a window display 521. m Figure 83. 
however, snapshot 503 Is shown to provide, view dat. 522 to 
parent object 501 without the necessity of child 502 being 
active. r,,ther i «ple«entati on details of snapshots are 
given is Appendix B. Appendix C and Appendix D. 

Appendix A is a list of major data structures within 

OMF TOO. 
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Appendix B Is a description of functions which qht 
interface 599 recognizes in the preferred e.bodl«ent of the 
present invention . 

Appendix C (HP NewWave Environment: Prograo Design 
Examples) Gives exa.ples of hew the preferred embodiment of 
the present invention may be i -p 1 es ent ed . Incl udlng detail as 
to how OMF ,00 allows data to be vi ewed be twe e n windows 
displayed on monitor 1U. 

Appendix D (Chapter 2 of Programmer's Guide) gives . 
further overview of the preferred embodiment of the present 
invention, further detail as to the operation of the 
preferred eabodieent of the present invention. 
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transm.tting objects between workstations characterised by objects including a first object type for 
stonng data and a second object type for presenting data to a user, where.n objects of the second type 
(V<) reference an associated object of the first type (V-s) to enable a plurality of users of workstations 
to access data of the object of the first type, comprising means for transmitting an object of the second 
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